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1| module TOP ( ITOP, OTOP );

2 input ITOP;

3

4 output [6:0] OTOP;

5

6 wire net_a;

7

8 TMO ITMO ( .IMOD(ITOP), .OMOD({(net_a) );

9 RMO IRMO ( .IMOD(net_a), OMOD(OTOP[O}) );
10 RM1 IRM1 { .IMOD(net_a), .OMOD(OTOP[1}) );
11 RM2 IRM2 { IMOD(net_a), .OMOD{OTOP[2}) );
12 RM3 IRM3 { .IMOD(net_a), .OMOD{OTOQOPI[3}} );
13 RM4 IRM4 ( .IMOD{(net_a), OMOD(OTOP[4}) );
14 RM5 IRM5 { IMOD(net_a), .OMOD(OTOP[7}) );
15 RM6 IRM6 { IMOD(net_a), OMOD{OTOPI8}) );
16
17 | endmodule
18
19 | module TMO (IMOD, OMOD);

20 input IMOD;

21 output OMQD;

22 wire net_reg_in;

23 wire net_reg_out;

24

25 BUF IBF ( .IB(IMOD), .OB(net_reg_in) );
26 DFF IFF { .D(net_reg_in), .Q(net_reg_out) };
27 BUF TbO ( .IB(net_reg_out), OB(OMOD) ),
28

29 | endmodule

30

31 | module RMO (IMOD, OMOD);

32 input IMOD;

33 output OMOD;

34 wire net_buf out;

35

36 BUF Rb0 ( IB{IMOD), .OB(net_buf_out) };
37

38 | endmodule
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module TOP (ITOP, OTOP ),
input ITOP;

output [6:0] OTOP;
wire [2:0] net_a;

TMO ITMO ( .IMOD(ITOP), .OMOD(net_a), );

RMO IRMO ( .IMOD(net_a[0]), .OMOD(OTOP[0]) );
RM1 IRM1 ( .IMOD(net_za[0}), .OMOD(OTOP[1]) );
RM2 IRM2 { .IMOD(net_a[1]), .OMOD(OTOP[2)) );
RM3 IRM3 ( .IMOD(net_a[1]), .OMOD(OTOP[3)) );
RM4 IRM4 { .IMOD(net_a[2]), OMOD(OTOP[4)]) );
RM5 IRM5 { .IMOD(net_a[2]), .OMOD(OTOP[5)) ),
RM6 IRM6 { .IMOD(net_a[2]), .OMOD(OTOP[6)]) );
endmodule
module TMO (IMOD, OMOD);
input IMOD;

output [2:0] OMOD;
wire net_reg_in;
wire net_reg_out;

BUF IBF ( .IB(IMOD), .OB(net_reg_in) );
DFF IFF ( .D(net_reg_in), .Q(net_reg_out) };
BUF Tb0 ( .IB(net_reg_out), .OB{OMOD[0]) );
BUF Tb1 ( .IB(net_reg_out), .OB{(OMOD[1}) :
BUF Tb2 ( .IB(net_reg_out), .OB(OMOD[2]) );

3

endmodule

module RM0 (iIMOD, OMOD),
input IMOD,;
output OMOD;
wire net_buf_out;

BUF RbO { .IB(IMOD), .OB(net_buf_out) );

endmodule
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FIG.10
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module TOP (ITOP, OTOP );
input ITOP;

output [6:0] OTOP;
wire [2:0] net_g;

TMO ITMO ( IMOD(ITOP), .OMOD(net_a), ):

RMO IRMO { .IMOD(net_a[Q]), .OMOD{OTOP[0]) );
RM1 IRM1 ( .IMOD(net_a[C]), .OMOD(OTOP[1]) );
RM2 IRM2 { .IMOD(net_a[1}), .OMOD{(OTOP[2}) );
RM3 IRM3 { .IMOD(net_a[1]), .OMOD(OTOP[3]) );
RM4 IRM4 { .IMOD(net_a|2]), .OMOD(OTOP{4]} );
RM5 IRM5 ( .IMOD(net_af2]), .OMOD(OTOP[5]) );
RMS6 IRM6 { .IMOD({net_a[2]), .OMOD{(OTOPI6]) );
endmodule
module TMO (IMOD, OMOD);
input IMOD,;
output [2:0] OMOD;
wire net_reg in;
BUF IBF ( .IB(IMOD), .OB(net_reg_in) );
DFF T10 ( .D(net_reg_in), .Q(OMODI0}]) );
DFF Tf1 ( .D(net_reg_in), .Q(OMODI[1}) );
DFF T2 ( .D(net_reg_in), .Q(OMODI[2}) );
endmodule
module RMO (IMOD, OMOD};
input IMOD;
output OMOD;
wire net_buf_out;

BUF Rb0 { .IB(IMOD), .OB(net_buf_out) );

endmodule
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1
CALCULATION METHOD AND
COMPUTER-READABLE RECORDING
MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2012-
062778, filed on Mar. 19, 2012, the entire contents of which
are incorporated herein by reference.

FIELD

The embodiment discussed herein is related to a calcula-
tion method and a computer-readable recording medium.

BACKGROUND

Conventionally, there are technologies for synthesizing
logic circuits using a computer. For example, there is a tech-
nology for synthesizing logic circuits based on a file in which
a register transfer level (RTL) is described using a hardware
description language. As examples of such a hardware
description language, there are a very high speed integrated
circuits hardware description language (VHDL) and Verilog-
HDL. In addition, in the process of synthesizing logic cir-
cuits, the timing of signals of synthesized logic circuits is
analyzed. After the process of synthesizing logic circuits,
there is a process of performing physical design of circuits.
Patent Literature 1: Japanese Laid-open Patent Publication

No. 10-116915
Patent Literature 2: Japanese Laid-open Patent Publication

No. 2005-202610
Patent Literature 3: Japanese Laid-open Patent Publication

No. 09-081621

However, in the above-described conventional technolo-
gies, there is a problem in that the timing is degraded in the
process of performing physical design.

For example, in the conventional technology, there are
cases where the timing of internal signals in the process of
performing physical design changes from the timing of inter-
nal signals analyzed in the process of synthesizing logic cir-
cuits depending on the size or the shape of the physically-
designed area. In such a case, depending on the situation of a
change in the timing, the process is returned to the process of
synthesizing logic circuits from the process of performing
physical design, again, logic replication of signals is per-
formed in the process of synthesizing logic circuits, and the
timing of internal signals is corrected so as to allow the circuit
to normally operate.

As above, in the conventional technologies, even when the
timing of signals is analyzed in the process of synthesizing
logic circuits, there are cases where the timing of signals is
degraded in the process of performing physical design
depending on the size or the shape of the area of the circuit
that is physically designed in the process of performing physi-
cal design. In such a case, since the process is returned to the
process of synthesizing logic circuits from the process of
performing physical design, there is a problem in that a loss of
the process occurs.

SUMMARY

According to an aspect of an embodiment, a calculation
method executed by a computer, the calculation method
includes calculating, using a processor, a length of one side of
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a second module based on an area of the second module that
is included in a first module in a circuit and includes devices;
and calculating, using the processor, a length of a wiring of
the first module based on the calculated length and the num-
ber of fan-outs of the first module.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram that illustrates an example of the
functional configuration of a calculation device according to
an embodiment;

FIG. 2 is a diagram that illustrates an example of a logic
circuit that is represented by a net list;

FIG. 3 is a diagram that illustrates an example of the
process that is performed by the calculation device according
to the embodiment;

FIG. 4 is a diagram that illustrates an example of another
process that is performed by a calculation device according to
the embodiment;

FIG. 5 is a diagram that illustrates an example of corre-
spondence relation between a cell usage ratio and a determi-
nation coefficient of the number of replications;

FIG. 6 is a diagram that illustrates an example of a net in
which logic replication of buffers is performed;

FIG. 7 is a diagram that illustrates an example of a net in
which logic replication of FFs is performed;

FIG. 8 is an example of a hardware description language
described in a file that corresponds to the net illustrated in
FIG. 2 as an example;

FIG. 9 is an example of a hardware description language
described in a file that corresponds to the net illustrated in
FIG. 6 as an example;

FIG. 10 is an example of a hardware description language
described in a file that corresponds to the net illustrated in
FIG. 7 as an example;

FIG. 11 is a diagram that illustrates an example of a method
of calculating Lb and Lf;

FIG. 12 is a diagram that illustrates an example of a method
of calculating Lb and Lf;

FIG. 13 is a flowchart that illustrates the sequence of a
calculation process according to the embodiment;

FIG. 14 is a flowchart that illustrates the sequence of a
replication process according to the embodiment; and

FIG. 15 is a diagram that illustrates a computer that
executes a calculation program.

DESCRIPTION OF EMBODIMENTS

Preferred embodiments of the present invention will be
explained with reference to accompanying drawings. How-
ever, the embodiment is not for the purpose of limiting the
technology disclosed here.

A calculation device according to an embodiment will be
described. FIG. 1 is a diagram that illustrates an example of
the functional configuration of the calculation device accord-
ing to the embodiment.

Functional Configuration of Calculation Device

As illustrated in FIG. 1, a calculation device 10 includes an
input unit 11, an output unit 12, a storage unit 13, and a control
unit 14. The calculation device 10 according to this embodi-
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ment performs a calculation process and a replication process
to be described later before a physical design process, and a
processing result acquired by the calculation device 10 can be
used in the physical design process. The calculation device 10
can perform a calculation process and a replication process in
a process before the physical design process, for example, a
logic synthesis process.

The input unit 11 inputs various kinds of information to the
control unit 14. For example, the input unit 11 receives an
instruction on performing a calculation process to be
described later from a user and inputs the received instruction
to the control unit 14. In such an instruction, an RTL file and
a constraint condition are included. The RTL file is a file in
which an RTL is described using a hardware description
language. The constraint condition is a predetermined condi-
tion that is used when automatic circuit synthesis is per-
formed. In addition, the input unit 11 receives various instruc-
tions from the user and inputs the received instructions to the
control unit 14. As examples of a device that is used as the
input unit 11, there are devices such as a mouse and a key-
board that receive a user’s operation.

The output unit 12 outputs various kinds of information.
For example, the output unit 12 displays a logic circuit that is
represented by an updated net list 13a under the control of a
generation unit 14g to be described later. As an example of a
device used as the output unit 12, there is a liquid crystal
display.

The storage unit 13 stores various kinds of information. For
example, the storage unit 13 stores the net list 134, fan-out
information 1354, area information 13¢ of sub modules, area
information 13d of a top module, and floor plan information
13e.

The net list 13a is connection information of cells in a gate
level. Here, the net list 13a is generated by a first calculation
unit 14a to be described later. FIG. 2 is a diagram that illus-
trates an example of a logic circuit that is represented by the
net list. In the example illustrated in FIG. 2, the logic circuit
that is represented by the net list 13a illustrates a case in
which sub modules TM0, RM0, RM1, . . ., RMS5, and RM6
are included in the top module. The sub module TMO0 includes
a buffer Th0 and transmits a signal from the buffer Tb0 to the
sub modules RM0,RM1, ..., RMS5, and RM6. In other words,
the sub module TM0 is a module that outputs a signal, and the
sub modules RM0, RM1, . .., RMS5, and RM6 are modules to
which signals are input. The sub modules RM0, RM1, . . .,
RMS5, and RM6 include buffers Rb0, Rbl, . .., Rb5, and Rb6,
respectively. The sub modules RM0, RM1, . . ., RMS5, and
RMS6 receive signals transmitted from the sub module TM0
using the buffers Rb0, Rb1, . . ., Rb5, and Rb6, respectively.
Then, the sub modules RM0, RM1, . . . , RM5, and RM6
output the received signals to a flip flop (FF), which is not
illustrated in the diagram, installed at a rear stage. Here, in the
example illustrated in FIG. 2, signals are output from one sub
module TMO that outputs signals to seven sub modules RM0,
RM1, . .., RMS5, and RM6, and accordingly, the number of
fan-outs is seven.

In other words, the net list 13a represents a logic circuit of
m top modules to which a plurality of sub modules are con-
nected. Each of m top modules can be identified by anet N(m)
(where m=0, 1, ..., n-1).

The fan-out information 134 is information relating to
fan-outs that is calculated by the first calculation unit 14a. For
example, the fan-out information 135 includes: the number of
fan-outs in a logic circuit; an identifier of an output terminal
that outputs a signal; an identifier of a device that has an
output terminal; an identifier of an input terminal to which a
signal is input; and an identifier of a device that has an input
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4

terminal. For example, in a case where the net list 13« that is
illustrated in the example illustrated in FIG. 2 is generated by
the first calculation unit 144, the fan-out information 135,
which includes the number of fan-outs of “7”, an identifier
“Tbp0” of the output terminal that outputs a signal, and an
identifier “Tbh0” of a buffer that has an output terminal
“Tbp0~, is generated by the first calculation unit 14a. In
addition, in the fan-out information 134, identifiers “Rbp0” to
“Rbp6” of input terminals to which signals are input and
identifiers “Rb0” to “Rb6” of buffers that respectively have
the input terminals “Rbp0” to “Rbp6” are included.

The area information 13¢ of the sub module is information
that relates to the area of the sub module that is calculated by
the first calculation unit 14a. For example, the area informa-
tion of the sub module includes the area of the sub module.

The area information 134 of the top module is information
that relates to the area of the top module that is calculated by
the first calculation unit 14a. For example, the area informa-
tion of the top module includes the area ot all the sub modules.

The floor plan information 13e is information that repre-
sents the positions of devices to be arranged, the area of each
device, and the like. For example, the floor plan information
13e is used for calculating a ratio (cell usage ratio) D of the
area of a device such as the FF or the buffer to the area Ae of
the top module that is represented by the area information 134
of the top module.

The storage unit 13, for example, is a semiconductor
memory device such as a flash memory or a storage device
such as a hard disk or an optical disk. In addition, the storage
unit 13 is not limited to the storage device of the above-
described type but may be a random access memory (RAM)
or a read only memory (ROM).

The control unit 14 includes an internal memory that is
used for storing a program defining various processing
sequences and control data and performs various processes in
accordance with the program and the control data. As illus-
trated in FIG. 1, the control unit 14 includes the first calcula-
tion unit 144, a second calculation unit 145, a third calculation
unit 14¢, a division unit 144, a fourth calculation unit 14e, a
determination unit 14f; and the generation unit 14g.

The first calculation unit 14a calculates the length of one
side of the sub module based on the area of the sub module
that is included in the top module. For example, the first
calculation unit 144 synthesizes a logic circuit so as to satisfy
a constraint condition and generates the net list 13a, the
fan-out information 135, the area information 13¢ of the sub
module, and the area information 13d of the top module.
Then, the first calculation unit 14a performs the process as
follows for all the sub modules by referring to the area infor-
mation 134 of the top module. In other words, the first calcu-
lation unit 14a assumes the shape of the area of the sub
module as a square and calculates the square root of the area
of'the sub module, thereby calculating a length of one side of
the area of the sub module.

FIG. 3 is a diagram that illustrates an example of the
process that is performed by the calculation device according
to the embodiment. FIG. 3 illustrates a logic circuit in which
signals are output from a buffer Tb0 of a sub module TMO0 to
a buffer Rb0 of a sub module RM0, a buffer Rb1 of a sub
module RM1, and a buffer Rb2 of a sub module RM2. In other
words, the logic circuit represented in the example illustrated
in FIG. 3 has “3” as the number of fan-outs. The example
represented in FIG. 3 illustrates a case where the buffer Th0 is
disposed on the upper right side of the sub module TMO, the
buffers Rb0, Rb1, and Rb2 are disposed on the lower left side
of the sub modules RM0, RM1, and RM2, and the buffers
Rb0, Rb1, and Rb2 are connected to the buffer Th0 in FIG. 3.
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In the example illustrated in FIG. 3, the first calculation unit
14a assumes the shape of the area of each one of the sub
modules RM0, RM1, and RM2 as a square, calculates the
square root of the area, and sets the calculated square root as
the length of one side of the area. Here, as illustrated in the
example represented in FIG. 3, in a case where the area of
each one of the sub modules RM0, RM1, and RM2 to which
signals are input is “Arm0” and is the same, the first calcula-
tion unit 14a can perform the process as follows. The first
calculation unit 14a can calculate (Arm0)*’? as the length of
one side of the area of each one of the sub modules RMO0,
RM1, and RM2.

FIG. 4 is a diagram that illustrates an example of another
process that is performed by the calculation device according
to the embodiment. FIG. 4 illustrates a logic circuit in which
signals are output from a buffer Tb0 of a sub module TMO0 to
a buffer Rb0 of a sub module RMO, a buffer Rb1 of a sub
module RM1, and a buffer Rb2 of a sub module RM2 as well.
In other words, the logic circuit represented in the example
illustrated in FIG. 4 has “3” as the number of fan-outs. The
example represented in FIG. 4 illustrates a case where the
buffer Th0 is disposed on the upper left side of the sub module
TMO, the buffers Rb0, Rb1, and Rb2 are disposed on the
lower right side of the sub modules RM0, RM1, and RM2,
and the buffers Rb0, Rb1, and Rb2 are connected to the buffer
Tb0 in FIG. 4. In the example represented in FIG. 4, a first
calculation unit 144 assumes the shape of the area of each one
of the sub modules TM0, RM0, RM1, and RM2 as a square,
calculates the square root of the area, and sets the calculated
square root as the length of one side of the area. The example
represented in FIG. 4 illustrates a case in which the area of the
sub module TMO that outputs signals is “Atm0”, and the area
of each one of the sub modules RM0, RM1, and RM2 to
which signals are input is “ArmO0”. In this case, the first
calculation unit 14a can calculate (Atm0)"? as the length of
one side of the area for the sub module TM0 and can calculate
(Arm0)'” as the length of one side of the area for each one of
the sub modules RM0, RM1, and RM2.

The first calculation unit 14a performs the process of cal-
culating the length of one side of the sub module in this way
for all the combinations of sub modules that output signals
and sub modules that receive input signals. Here, the combi-
nations of the sub modules that output signals and the sub
modules that receive input signals represent the nets N(m)
(where, m=0, 1, . . ., n-1) described above, and each of the
nets N(m) represents information of a logic circuit in which a
plurality of sub modules are connected.

The second calculation unit 145 calculates a length Lt of
the wiring for the combination of the sub modules that output
signals and the sub modules that receive input signals based
on the length of one side that is calculated by the first calcu-
lation unit 14q and the number of fan-outs in the combination
of the sub modules that output signals and the sub modules
that receive input signals. In description presented below, the
length Lt of the wiring may be denoted by a “total wiring
length Lt”.

A specific example will be described. For example, in a
case where (Arm0)"? is calculated as the length of one side of
the area of each one of the sub modules RM0, RM1, and RM2
by the first calculation unit 14q, as illustrated in the example
represented in FIG. 3, the second calculation unit 145 per-
forms the process as follows. In other words, the second
calculation unit 145 calculates a value “((Arm0)*/?)x3)” that
is acquired by multiplying (Arm0)'’? by the number of fan-
outs, which is “3”, as the length of the wiring of the combi-

10

15

20

25

30

35

40

45

50

55

60

65

6

nation of the sub module that outputs a signal illustrated in the
example represented in FIG. 3 and the sub modules that
receive input signals.

In addition, in a case where (Atm0)*/? is calculated as the
length of one side of the area of the sub module TMO0, and
(Arm0)'"? is calculated as the length of one side of the area of
each one of the sub modules RM0, RM1, and RM2, as illus-
trated in the example represented in FIG. 4, the second cal-
culation unit 145 may perform the process as follows. In other
words, the second calculation unit 145 may calculate a value
“((Atm0)""?)+((Arm0)""*)x3x2)” that is acquired by adding a
value calculated by multiplying (Arm0)“? by a value
acquired by doubling the number of pan nets which is “3” to
(Atm0)"'? as the length of the wiring of the combination of the
sub module that outputs a signal and the sub module that
receives an input signal.

The second calculation unit 145 performs the process of
calculating a length of the wiring in this way for all the
combinations of the sub modules that outputs signals and the
sub modules that receive input signals.

In this way, the calculation device 10 according to this
embodiment assumes the shape of the area of the sub module
as a square and calculates a length of the wiring using the
square root of the area of the sub module. Thus, according to
the calculation device 10 of this embodiment, the length of the
wiring can be calculated in a simple manner.

The third calculation unit 14¢ calculates the number Nc of
devices of which the logic is to be replicated based on the cell
usage ratio. For example, the third calculation unit 14c, first,
acquires the floor plan information 13e from the storage unit
13. Then, the third calculation unit 14¢ calculates a ratio D of
the area Ae of the entire top module that is represented by the
area information 134 of the top module to the area of a device
that is represented by the floor plan information 13e. In other
words, the third calculation unit 14¢ calculates the cell usage
ratio D. Subsequently, the third calculation unit 14¢ calcu-
lates a determination coefficient k of the number of replica-
tions that is mapped to the cell usage ratio D. Here, the
determination coefficient k is a coefficient that is used for
calculating the number of devices (FFs and buffers) of which
the logic is replicated.

FIG. 5 is a diagram that illustrates an example of corre-
spondence relation between the cell usage ratio and the deter-
mination coefficient of the number of replications. In the
example represented in FIG. 5, the cell usage ratio D and the
determination coefficient k are mapped to each other such that
the determination coefficient k decreases as the cell usage
ratio D increases. In FIG. 5, a case is illustrated as an example
in which a cell usage ratio D that is 15% or less is mapped to
avalue “1.4” of the determination coefficient k. In addition, in
FIG. 5, the case is illustrated as an example in which a cell
usageratio D that is in a range of 15% or more and 25% or less
is mapped to a value “1.3” of the determination coefficient k.
Furthermore, in FIG. 5, the case is illustrated as an example in
which a cell usage ratio D that is in a range of 25% or more
and 35% or less is mapped to a value “1.2” of the determina-
tion coefficient k. In addition, in FIG. 5, the case is illustrated
as an example in which a cell usage ratio D that is in a range
0t'35% or more and 45% or less is mapped to a value “1.1” of
the determination coefficient k. Furthermore, in FIG. 5, the
case is illustrated as an example in which a cell usage ratio D
that is in a range of 45% or more and 55% or less is mapped
to avalue “1.0” of the determination coefficient k. In addition,
in FIG. 5, the case is illustrated as an example in which a cell
usageratio D that is in a range of 55% or more and 65% or less
is mapped to a value “0.9” of the determination coefficient k.
Furthermore, in FIG. 5, the case is illustrated as an example in
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which a cell usage ratio D that is in a range of 65% or more
and 75% or less is mapped to a value “0.8” of the determina-
tion coefficient k. In addition, in FIG. 5, the case is illustrated
as an example in which a cell usage ratio D that is in a range
0t 75% or more and 85% or less is mapped to a value “0.7” of
the determination coefficient k. Furthermore, in FIG. 5, the
case is illustrated as an example in which a cell usage ratio D
that is 85% or more is mapped to a value “0.6” of the deter-
mination coefficient k.

In the case of the example represented in FIG. 5, in a case
where a value of 14% is calculated as the cell usage ratio D,
the third calculation unit 14¢ acquires a value “1.4” as the
determination coefficient k. In the case of the example repre-
sented in FIG. 5, in a case where a value of 50% is calculated
as the cell usage ratio D, the third calculation unit 14¢
acquires a value “1.0” as the determination coefficient k. In
addition, in a case where another value is calculated as the cell
usageratio D, the third calculation unit 14¢ acquires a value of
the determination coefficient k in the same manner. In this
way, the third calculation unit 14¢ calculates a determination
coefficient k. Furthermore, the third calculation unit 14¢ may
derive a cell usage ratio D by a predetermined value regarding
the cell usage ratio D, for example, as 50% without calculat-
ing the cell usage ratio D by using the floor plan information
13e. In such a case, the third calculation unit 14¢ calculates a
determination coefficient k using the above-described
method by using the derived cell usage ratio D.

Then, the third calculation unit 14¢ determines a natural
value N that satisfies the following Equation (1) and sets the
determined natural number N as the number Nc of replica-
tions.

Nek-(Lt/Lb)<(N+1) M

Here, Lb is a value that is determined in advance and is a
threshold of the wiring length that is used for determining
whether or not the logic replication using a buffer is per-
formed in a logic circuit. An example of a method of calcu-
lating Lb will be described later.

In this way, the third calculation unit 14¢ performs the
process of calculating the number Nc of replications for all
the combinations of sub modules that output signals and sub
modules that receive input signals. Here, when the number of
devices of which the logic is replicated exceeds the number of
fan-outs, a status is formed in which a plurality of output
devices are connected to one input device. For example, in a
case where the number of replications is three, and the num-
ber of fan-outs is two, while only one output device is con-
nected to one input device, two output devices are connected
to the other input device. However, in this embodiment, a
change to such a circuit configuration is not made. Based on
this, in a case where the number Nc of replications represent-
ing the number of devices of which the logic is replicated
exceeds the number of fan-outs, the third calculation unit 14¢
corrects the number Nc¢ of replications to a maximum number
of'devices of which the logic can be replicated, in other words,
to the number of fan-outs.

The division unit 144 divides sub modules into groups that
are divided through logic replication. For example, the divi-
sion unit 144 divides sub modules into groups that correspond
to anumber represented by the number Nc of replications. For
example, the division unit 144, first, determines whether or
notthe number Nc of replications is greater than one. Then, in
a case where the number Nc of replications is greater than
one, the division unit 144 divides the sub modules into groups
that correspond to a number represented by the number Nc of
replications.
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A specific example will be described. As illustrated in FIG.
2, a case will be described in which seven sub modules RM0
to RM6 are divided into groups through logic replication, and
the number Nc of replications is “3”. In such a case, the
division unit 144 divides the sub modules into three groups,
for example, including a group {RM0, RM1}, a group {RM2,
RM3}, and a group {RM4, RM5, RM6}.

In this way, the division unit 144 can divide the sub mod-
ules that include input devices to which signals of multiple
fan-outs are input into Nc groups. The division unit 144
performs the process of dividing the sub modules into groups
that are divided through logic replication in this way for all the
combinations of sub modules that output signals and sub
modules that receive input signals.

The fourth calculation unit 14e calculates wiring lengths [
(where, j=0, 1, ..., Nc-1) of sub modules for each group. For
example, in a case where an output device that outputs a
fan-out signal and an input device to which the fan-out signal
is input are included in sub modules that are different from
each other, the fourth calculation unit 14e calculates a sum of
wiring lengths of the sub modules for each group. Here, the
wiring length of the sub module represents the length of one
side of the area that is calculated by the first calculation unit
14a. On the other hand, in a case where an output device that
outputs a fan-out signal and an input device to which the
fan-out signal is input are included in the same sub module,
the fourth calculation unit 14e sets a value (Lt/Nc) acquired
by dividing a “total wiring length [t by the number Nc of
replications as a wiring length Lj (where, j=0, 1, ..., Nc-1)
of the sub module.

A specific example will be described. As described above,
the case will be described in which the sub modules are
divided into three groups including the group {RM0, RM1},
the group {RM2, RM3}, and the group {RM4, RM5, RM6}
by the division unit 14d. Here, it is assumed that “5.5” is
calculated as the length of one side of the area by the first
calculation unit 14a for all the seven sub modules RMO0 to
RMBS6. In such a case, the fourth calculation unit 14e calculates
a sum “11 (5.5+5.5)” of the wiring lengths of the group
{RM0, RM1}. In addition, the fourth calculation unit 14e
calculates a sum “11 (5.5+5.5)” of the wiring lengths of the
group {RM2, RM3}. Furthermore, the fourth calculation unit
14e calculates a sum “16.5 (5.5+5.5+5.5)” of the wiring
lengths of the group {RM4, RM5, RM6}.

The fourth calculation unit 14e performs the process of
calculating the wiring lengths Ij (where, j=0,1,...,Nc-1)in
this way for all the combinations of sub modules that output
signals and sub modules that receive input signals.

The determination unit 14/ determines the type of device of
which the logic is replicated in a sub module that outputs a
signal based on the wiring length L j of the sub module that is
calculated by the fourth calculation unit 14e.

For example, the determination unit 14, first, compares
max(1j) and Lf with each other. Then, in a case where max
(Lj) is less than Lf, the determination unit 14f determines that
logic replication of buffers is performed. On the other hand, in
acase where max(Lj) is Lf or more, logic replication of FFs is
determined. Here, Lfis a value that is determined in advance
and is a threshold of the wiring length that is used for deter-
mining whether or not logic replication using an FF is per-
formed in a logic circuit. An example of the method of cal-
culating Lf will be described later.

The determination unit 14f performs the process of deter-
mining the type of device of which the logic is replicated in a
sub module, which outputs a signal, in this way for all the
combinations of sub modules that output signals and sub
modules that receive input signals.
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The generation unit 14g generates data of logic replication
using a device of the type determined by the determination
unit 14f for each combination of sub modules that output
signals and sub modules that receive input signals and
updates the net list 13a so as to reflect the generated data on
the net list 13a.

For example, in a case where logic replication of bufters is
determined by the determination unit 14f, when the output
terminal is a buffer, the generation unit 14g performs logic
replication of buffers corresponding to a value (Nc-1) that is
acquired by decreasing the number Nc of replications by one.
In addition, in a case where logic replication of buffers is
determined by the determination unit 14f, when the output
terminal is an FF, the generation unit 14g performs logic
replication of buffers that correspond to the number Nc of
replications. Accordingly, as a result of the replication, buff-
ers corresponding to the number that is represented by the
number Nc of replications are disposed in a module that
outputs a fan-out signal in the net, and signals are output from
the buffers. FIG. 6 is a diagram that illustrates an example of
a net in which logic replication of buffers is performed. For
example, in the example represented in FIG. 2, in a case
where “3” is calculated as the number Nc of replications by
the third calculation unit 14¢, and logic replication of buffers
is determined by the determination unit 14, as illustrated in
the example represented in FIG. 6, buffers Th1 and Tb2 are
newly disposed, and a group of sub modules of the groups that
are divided by the division unit 144 is connected to the buffers
Tb0, Tb1, and Th2. For example, a buffer Rb0 of the sub
module RMO0 and a buffer Rb1 of the sub module RM1 are
connected to the buffer Th0. In addition, a buffer Rb2 of the
sub module RM2 and a buffer Rb3 of the sub module RM3 are
connected to the buffer Tb1. Furthermore, a buffer Rb4 of the
sub module RM4, a buffer Rb5 of the sub module RM5, and
a buffer Rb6 of the sub module RM6 are connected to the
buffer Th2.

On the other hand, in a case where logic replication of FF's
is determined by the determination unit 147, when the output
terminal is an FF, the generation unit 14g performs logic
replication of FFs corresponding to a value (Nc-1) that is
acquired by decreasing the number Nc of replications by one.
In addition, in a case where logic replication of FFs is deter-
mined by the determination unit 14f; when the output terminal
is a buffer, the generation unit 14g goes back to an FF from the
input of the buffer and performs logic replication of FFs that
correspond to a value (Nc-1) that is acquired by decreasing
the number Nc of replications by one. Accordingly, as a result
of the replication, FFs corresponding to the number that is
represented by the number Nc of replications are disposed in
a module that outputs a fan-out signal in the net, and signals
are output from the FFs. FIG. 7 is a diagram that illustrates an
example of a net in which logic replication of FFs is per-
formed. For example, in the example represented in FIG. 2, in
a case where “3” is calculated as the number Nc of replica-
tions by the third calculation unit 14¢, and logic replication of
FFs is determined by the determination unit 14f; as illustrated
in the example represented in FIG. 7, three FFs T10 to Tf2 are
newly disposed instead of the buffer Tb0, and a group of sub
modules of groups that are divided by the division unit 144 is
connected to the FFs Tf0, Tfl, and Tf2. For example, the
buffer Rb0 of the sub module RMO0 and the buffer Rb1 of the
sub module RM1 are connected to the FF T10. In addition, the
buffer Rb2 of the sub module RM2 and the buffer Rb3 of the
sub module RM3 are connected to the FF Tfl. Furthermore,
the buffer Rb4 of the sub module RM4, the buffer Rb5 of the
sub module RM35, and the buffer Rb6 of the sub module RM6
are connected to the FF T1f2.
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Then, the generation unit 14g updates the net list 13a so as
to reflect the logic-replicated data on the net list 13a. The
generation unit 14g generates the logic-replicated data in this
way for each combination of sub modules that output signals
and sub modules that receive input signals. In addition, the
generation unit 14g performs the process of updating the net
list 13a s0 as to reflect the generated data on the net list 134 for
each combination of sub modules that output signals and sub
modules that receive input signals.

In this way, the calculation device 10 according to this
embodiment calculates a wiring length [j for each group,
determines a type of device for logic replication based on
whether or not a maximum value max(Lj) of the wiring
lengths L is less than LF, and performs logic replication of
devices of the determined type. In other words, the calcula-
tion device 10 according to this embodiment performs logic
replication without performing a timing analysis and the like.
Therefore, according to the calculation device 10 of this
embodiment, logic replication is performed regardless of the
timing of signals, whereby the degradation of the timing that
may occur in a physical design process can be avoided in
advance.

In addition, since the calculation device 10 according to
this embodiment performs logic replication without using
information that is acquired in the physical design process,
logic replication with high accuracy can be performed before
the physical design process.

Here, examples of a file in which an RTL is described using
a hardware description language which corresponds to the
nets illustrated in the examples represented in FIGS. 2, 6, and
7 will be described with reference to FIGS. 8 to 10. The
examples represented in FIGS. 8 to 10 illustrate a case where
Verilog-HDL is used as the hardware description language,
and not all the descriptions of the Verilog-HDL but only some
thereof are illustrated.

FIG. 8 is an example of a hardware description language
described in a file that corresponds to the net illustrated in
FIG. 2 as an example. The example represented in FIG. 8
illustrates a case where a sub module TMO0 includes a buffer
IBF, an FF IFF, and a buffer Tb0, a terminal D of the FF IFF
is connected to an output terminal of the buffer IBF, and a
terminal Q of the FF IFF is connected to an input terminal of
the buffer Tb0. In addition, the example represented in FIG. 8
illustrates that an output terminal of the buffer Th0 is con-
nected to an input terminal of a buffer Rb0 of the sub module
RMO.

FIG. 9 is an example of a hardware description language
described in a file that corresponds to the net illustrated in
FIG. 6 as an example. The example represented in FIG. 9
illustrates a case where a sub module TMO0 includes a buffer
IBF, an FF IFF, and buffers Th0, Tb1, and Th2, and a terminal
D of the FF IFF is connected to an output terminal of the
buffer IBF. In addition, the example represented in FIG. 9
illustrates a case where a terminal Q of the FF IFF is con-
nected to input terminals of the buffers Th0, Tbh1, and Th2.
Furthermore, the example represented in FIG. 9 illustrates
that an output terminal of the buffer Tb0 is connected to an
input terminal of a buffer Rb0 of a sub module RM0.

FIG. 10 is an example of a hardware description language
described in a file that corresponds to the net illustrated in
FIG. 7 as an example. The example represented in FIG. 10
illustrates a case where a sub module TMO0 includes a buffer
IBF and FFs T10, Tfl, and T2, and terminals D of the FFs
T10, Tf1, and Tf2 are connected to an output terminal of the
buffer IBF. In addition, the example represented in FIG. 10
illustrates that a terminal Q of the FF T10 is connected to an
input terminal of a buffer Rb0 of a sub module RM0.
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The control unit 14 is an integrated circuit such as an
application specific integrated circuit (ASIC) or a field pro-
grammable gate array (FPGA) or an electronic circuit such as
a central processing unit (CPU) or a micro processing unit
(MPU).

Here, an example of a method of calculating Lb and Lf
described above will be described. FIGS. 11 and 12 are dia-
grams that illustrate a method of calculating Lb and Lf.

Atilt T, [ps] of asignal in a case where there is a current
variation Al [pA] in accordance with a voltage variation AV
[V]forcapacitance C [fF] can be represented by the following
Equation (2).

T

slew

=CxAV/AI )

FIG. 11 is a schematic diagram of parallel flat plates. The
capacitance C can be represented by the following Equation
(3) using space permittivity (€,~8.854x107'? [F/m)]), relative
permittivity €, the area S=(WidexLength) of the parallel flat
plate, and a distance d between the parallel flat plates.

C=gygXe,xS/d (3)

=&y X & X (Wide/d) x Length

As illustrated in FIG. 12, the tilt T,,,, satisfies the condi-
tions represented by Equations (4) and (5). The tilt T, in a
case where the equality of Equation (4) is satisfied, in other
words, in a case where T, =0.25xT_ ;. is Lf. In addition,
the tilt T,,,,, in a case where the equality of Equation (5) is
satisfied, in other words, in a case where T_,_ =0.35xT is

slew cycle

Lb. Here, T, is a time for one period.
T3 0.25%T ot *
Ty =0.35%T, (5)

slew eyele

Based on the description presented above, a method of
calculating Lb and Lfin a case where the frequency is 1 [GHz]
(T022=1000 [ps]) will be described. When a semiconductor
process to be used is determined, a width (Wide) of a wiring
and a distance (d) between wirings are determined. Here, a
case will be described in which the width Wide=2.0 [um] and
the distance d=1.0 [um]. In such a case, the following Equa-
tion (6) is formed by using Equation (3).

C =8.854x 10712 x 4.1 (2.0/1.0) x Length O]

~ 73 x Length [fF/mm]

In a case where a current of 0.05 [pA] flows in accordance
with a voltage variation of 1.0 [V] (AV=1.0 [V]) (AI=0.05
[HA]), the following Equation (7) can be derived from Equa-
tions (2) and (6).

Tyew = 73x Lengthx 1.0/0.05 @

= 1460 X Length

Here, the following Equation (8) can be derived from
Equation (4).

Length=0.25x1000/1460~171 [um] (8)

In addition Equation (9) can be derived from Equation (5).

Length=0.35x1000/1460~240 [ym] )
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Based on the description presented above, the threshold Lb
of the wiring length that is used for determining whether or
not logic replication using buffers is performed in the logic
circuitis 171 [um]. In addition, the threshold Lb of the wiring
length that is used for determining whether or not logic rep-
lication using FF's is performed is 240 [um]. For example, Lb
is a threshold of the wiring length in a case where a normal
operation of the circuit is expected, and [fis a threshold of the
wiring length in a case where there is a high possibility that
the circuit does not normally operate.

Flow of Process

Next, the flow of the process of the calculation device 10
according to this embodiment will be described. FIG. 13 is a
flowchart that illustrates the sequence of a calculation process
according to the embodiment. The calculation process, for
example, is performed at timing when an instruction for per-
forming the calculation process is received by the control unit
14 from the input unit 11. As described above, an RTL file and
a constraint condition are included in this instruction.

As illustrated in FIG. 13, the first calculation unit 14a
performs synthesis of a logic circuit so as to satisfy the con-
straint condition and generates a net list 13a, fan-out infor-
mation 135, area information 13¢ of a sub module, and area
information 134 of a top module in Step S101. Then, the third
calculation unit 14¢ acquires the floor plan information 13e
from the storage unit 13 in Step S102. Subsequently, the third
calculation unit 14¢ calculates a cell usage ratio D using the
floor plan information 13e in Step S103. Subsequently, the
third calculation unit 14¢ calculates a determination coeffi-
cient k of'the number of replications that is mapped to the cell
usage ratio D in Step S104.

Then, the first calculation unit 14a sets the value of a
variable m to zero in Step S105. Then, the first calculation unit
14a, the second calculation unit 145, the third calculation unit
14c, the division unit 144, the fourth calculation unit 14e, the
determination unit 14f; and the generation unit 14g perform a
replication process in Step S106. The replication process will
be described later. Subsequently, the generation unit 14g
determines whether or not the value of the variable m is (n-1)
or more in Step S107. Here, n is the number of nets. In a case
where the value of the variable m is less than (n-1) (No in Step
S107), the generation unit 14g increments the value of the
variable m by one in Step S108, and the process is returned to
Step S106. On the other hand, in a case where the value of the
variable m is (n—1) or more (Yes in Step S107), the generation
unit 14g updates the net list 134 so as to reflect data of the
logic replication on the net list 134 in Step S109, and the
process ends.

FIG. 14 is a flowchart that illustrates the sequence of the
replication process according to the embodiment. As illus-
trated in FIG. 14, the first calculation unit 14a performs a
process as follows for all the sub modules within the net N(m)
by referring to the area information 134 of the top module.
The first calculation unit 14a assumes the shape of the area of
the sub module as a square and calculates the square root of
the area of the sub module, thereby calculating the length of
one side of the area of the sub module in Step S201.

Subsequently, the second calculation unit 145 calculates a
total wiring length Lt for a combination of sub modules that
output signals and sub modules that receive input signals
based on the length of one side that is calculated by the first
calculation unit 14a and the number of fan-outs of a combi-
nation of sub modules that output signals and sub modules
that receive input signals in Step S202.
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Then, the third calculation unit 14¢ determines a natural
number N that satisfies Equation (1) described above and
calculates the determined natural number N as the number Nc
of replications in Step S203.

Thereafter, the division unit 14d determines whether the
number Nc of replications is one or more in Step S204. In a
case where the number Nc of replications is one or less (No in
Step S204), the division unit 14d stores the processing result
in an internal memory, and the process is returned. On the
other hand, in a case where the number Nc of replications is
one or more (Yes in Step S204), the division unit 144 divides
the sub modules into groups corresponding to a number that
is represented by the number Nc¢ of replications in Step S205.

Then, the fourth calculation unit 14e calculates the wiring
lengths [j (=0, 1, . . ., Nc-1) of the sub modules in the net
N(m) for each group in Step S206.

Thereafter, the determination unit 14/ determines whether
or not max(lj) is less that Lf in Step S207. In a case where
max(1})) is less than Lf (Yes in Step S207), the determination
unit 14f determines to perform logic replication of buffers in
Step S208. Then, the generation unit 14g generates data of
logic replication using buffers in accordance with the number
Nc of replications in Step S209 and stores the processing
result in the internal memory, and the process is returned.
Here, the generated data of the logic replication is data that is
used for updating the net N(m).

On the other hand, in a case where max(Lj) is Lf or more
(No in Step S207), the determination unit 14f determines to
perform logic replication of FFs in Step S210. Then, the
generation unit 14g generates data of logic replication using
FFs in accordance with the number Nc of replications in Step
S211 and stores the processing result in the internal memory,
and the process is returned.

As described above, the calculation device 10 according to
this embodiment assumes the shape of the area of the sub
module as a square and calculates a wiring length of a com-
bination of sub modules that output signals and sub modules
that receive input signals by using the square root of the area
of the sub module. Therefore, according to the calculation
device 10 of this embodiment, the wiring length can be cal-
culated in a simple manner.

In addition, the calculation device 10 according to this
embodiment calculates the wiring width Lj for each group,
determines the type of devices that is logically replicated
based on whether or not a maximum value max(lj) of the
wiring lengths L is less than LF, and performs logic replica-
tion of the devices of the determined type. In other words, the
calculation device 10 according to this embodiment performs
logic replication without performing a timing analysis and the
like. Therefore, according to the calculation device 10 of this
embodiment, logic replication is performed regardless of the
timing of signals, and accordingly, degradation of the timing
that may occur in the physical design process can be avoided
in advance.

In addition, since the calculation device 10 according to
this embodiment performs logic replication without using
information that is acquired in the physical design process,
logic replication having high accuracy can be performed
before the physical design process.

While the disclosed device according to the embodiment
has been described until now, the present invention may be
performed in various embodiments other than the above-
described embodiment. Thus, hereinafter, other embodi-
ments that belong to the present invention will be described.

For example, in each process described in the embodiment,
the whole or a part of the process described as being auto-
matically performed may be performed in a manual manner.
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In addition, the whole or a part of the process that has been
described as being manually performed in the embodiment
may be performed in an automatic manner by using a known
method.

In addition, in accordance with various loads, the usage
status, and the like, the process performed in each step of each
process described in each embodiment may be arbitrarily
divided in parts or may be put together. Furthermore, any step
may be omitted.

Furthermore, in accordance with various loads, the usage
status, and the like, the processing sequence in the steps of
each process described in each embodiment may be changed.

In addition, each constituent element of each device illus-
trated in the diagram is a functional and conceptual element
and does not necessarily need to be physically configured as
illustrated in the diagram. In other words, a specific state of
the division or integration of each device is not limited to that
illustrated in the diagram, and the whole or a part thereof may
be configured to be functionally or physically divided or
integrated in an arbitrary unit.

Calculation Program

In addition, the process of the calculation device 10
described in the above-described embodiment may be real-
ized by a computer system such as a personal computer or a
workstation that executes a program that is prepared in
advance. Thus, hereinafter, an example of a computer that
executes a calculation program that has the same function as
that of the calculation device 10 described in the above-
described embodiment will be described with reference to
FIG. 15.FIG. 15 is a diagram that illustrates the computer that
executes the calculation program.

As illustrated in FIG. 15, a computer 300 includes a central
processing unit (CPU) 310, a read only memory (ROM) 320,
a hard disk drive (HDD) 330, and a random access memory
(RAM) 340. The CPU 310, the ROM 320, the HDD 330, and
the RAM 340 are interconnected through a bud 350.

In the ROM 320, a basic program such as an operating
system (OS) is stored. In addition, in the HDD 330, a calcu-
lation program 330a is stored in advance, which realizes the
same functions as those of the first calculation unit, the sec-
ond calculation unit, the third calculation unit, the division
unit, the fourth calculation unit, the determination unit, the
generation unit, and the like, as disclosed in the above-de-
scribed embodiments. Further, the calculation program 330a
may be appropriately divided. In addition, a net list, fan-out
information, area information of sub modules, area informa-
tion of a top module, and the like are stored in the HDD 330.
The net list, the fan-out information, the area information of
sub modules and the area information of the top module
correspond to the netlist 13a, the fan-out information 134, the
area information 13¢ of sub modules, and the area informa-
tion 134 of the top module, as described above.

Then, the CPU 310 reads the calculation program 330a
from the HDD 330 and executes the program 330a.

Then, the CPU 310 reads the net list, the fan-out informa-
tion, the area information of sub modules, the area informa-
tion of the top module, and the like and stores them in the
RAM 340. In addition, the CPU 310 executes the calculation
program 330q by using the calculation program 330a by
using the net list, the fan-out information, the area informa-
tion of sub modules, the area information of the top module,
and the like that are stored in the RAM 340. Further, all the
data that has been described to be stored in the RAM 340 may
not be constantly stored in the RAM 340. Data that is used for
the process may be stored in the RAM 340.
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In addition, the above-described calculation program 330a
may not necessarily need to be stored in the HDD 330 from
the start.

For example, the program is stored in a “portable physical
medium” such as a flexible disc (FD), a CD-ROM, a DVD
disc, a magneto-optical disk, or an IC card that is inserted into
the computer 300. Then, the computer 300 may be configured
to read the program from portable physical medium and
execute the program.

5

Furthermore, the program is stored in “another computer 10

(or a server)” that is connected to the computer 300 through a
public circuit, the internet, a LAN, a WAN, or the like. Then,
the computer 300 may be configured to read the program from
another computer and execute the program.

According to an aspect, the degradation of timing that
occurs in the process of performing physical design can be
suppressed.

All examples and conditional language recited herein are
intended for pedagogical purposes of aiding the reader in
understanding the invention and the concepts contributed by
the inventor to further the art, and are not to be construed as
limitations to such specifically recited examples and condi-
tions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although the embodiment of the
present invention has been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.

What is claimed is:
1. A calculation method executed by a computer, the cal-
culation method comprising:

calculating, using a processor, for a first module that rep-
resents a circuit and includes a plurality of second mod-
ules that each include devices and are connected to one
another, a length of one side of a second module from
among the second modules based on an area of the
second module; and

calculating, using the processor, a length, as a wiring length
of'the first module, based on the calculated length and a
number of fan-outs of the first module, the wiring length
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of the first module representing a total of lengths of
wirings by which the second modules are connected to
one another.

2. The calculation method according to claim 1, further
comprising:

calculating, using the processor, a number of devices that

are logically replicated and are to be included in the
second module based on a ratio of areas of devices
included in the second modules to an area of the first
module;

dividing, using the processor, the second modules into

groups of the calculated number;
calculating, using the processor, a total length of wirings by
which second modules included in a group of the groups
are connected to one another, for each of the groups; and

determining, using the processor, a type of the devices that
are logically replicated in the first module based on the
calculated total length of wirings.
3. The calculation method according to claim 2, wherein,
the determining includes determining to perform logic repli-
cation of flip flops when the calculated total length for a group
is equal to or larger than a predetermined value.
4. The calculation method according to claim 2, wherein,
the determining includes determining to perform logic repli-
cation of buffers when the calculated total length for each of
the groups is smaller than a predetermined value.
5. The calculation method according to claim 1, wherein,
the calculating the length of one side includes calculating the
square root of the area of the second module.
6. A computer-readable recording medium having stored
therein a calculation program causing a computer to execute
a process, the process comprising:
calculating, for a first module that represents a circuit and
includes a plurality of second modules that each include
devices and are connected to one another, a length of one
side of a second module from among the second mod-
ules based on an area of the second module; and

calculating a length, as a wiring length of the first module,
based on the calculated length and a number of fan-outs
of the first module, the wiring length of the first module
representing a total of lengths of wirings by which the
second modules are connected to one another.

#* #* #* #* #*



